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® Laser interferometer system and method for monitoring and controlling IC processing* 

® A laser end point detector Incorporating 

adiustai}le-fbcus, variable-orientation detection optics 

for monitoring diffaferTt types of structures such as 

laser-transparent thin films* isolated trenches or 

holes and patterned arrays of trenches or holes. A 

coHector lens package comprising a laser and a 

focusing lens are mounted in a hole in a collector 

tens which is pivotaHy mounted for selectively focus- 
ing zero, first and higher orders of diffractions re- 
Cjlflected from the wafer onto an associated detector to 
^monitor the etctiing of different types of structures. - 
Of=br example^ zero order diffraction signals are used 
^^to monitor tfie etching of large target areas in trans- 
^parent thin films or of norvpattemed trenches of 
Wholes. Rrst order (or higher) diffraction signals are 
Igused for monitoring the etching of patterned features 
*^ which effect a two-dlmensionai diffraction grating, 
Osuch as the capacitor hoias in dynamic random 

access memories. 
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different types ai etctied structures; and 

FK3. 6 schefTiaticaily depicts the diffraction 
grating effect erf trenches or holes. 



Detailed Description of tfje Preferred Embodiment- 
(s) 

RG. 3 schematk:aily depicts a preferred em- 
bodiment 20 oi our laser end point detector, which 
indudes a movir^ carriage or stage 25 nnourTted on 
a semiconductor processing reactor system 26. 
The carriage 25 supports tfie entire laser detector 
optics system 30 which is used to monitor the 
etching of workpieces such as wafer 27 via window 
28 in chamber wail 29. One such reactor system 
26 (8 disclosed In co-pending, commonly assigned 
U.S. patent application. Serial No, 185^15. filed 
April 25, 1988, in the name of Cheng et al. wtiich 
application is heret^y incorporated by reference in 
Its enHrety. 

In its present version, the stage 25 comprises a 
t>ase plate 31 slidably mounted aiong raito 32 for 
reciprocal movennent along the wall 29 and window 
28 by a stepper motor 33-driven lead screw 34. 
(The center section of the rail 32 Is deleted In RG. 
3 to more clearly illustrate tens 38.) 

The laser optics system 30 indudes a laser 
pen which comprfses a diode laser 36 and an 
assodatsd focusing lens 37. both of which are 
mounted in a central aperture 51 within a collector 
lens 38. A photodetector 39 is mounted on a sec- 
ond, elevated platform or plate 41 which is sup- 
ported by posts 42. The platform 41 can be raisect 
or towered along posts 42 to select the reflected 
diffraction order. The collector lens 38 Is supported 
tjy a kinematic mount comprising a plate 56 wNch 
supports the collector lens 38 and which is sup- 
ported on three a4ustment screws 57 threaded 
Into base plate 31 arxl (oumaled between the screw 
heads and compression springs 58. Adjustment of 
the screws affords pivotal or tilting movement of 
the lent 3a e.g^ about assodatad axes in the 
plane of the t»se plate 31 . 

A standard personal computer 47 such as the 
IBM AT ia interfaced with the detector 39, stepper 
nunor 33, and associated power supplies In a con- 
ventional manner for controUing operation of the 
photodetector 39, scanning of the stage 25 and 
ariaiysis of the output signal from the photodetector 
39 for terminating (and starting, if desired) ttie etch 
process. Visual readout 48 at a display device 49 
such as a printer and/or monitor provides com- 
prehensive graphics, plots, records of input data, 
filtered data, etched depth, etch rate, etc., as de- 
sired. 

The orientation of the pivotal collector lens 38 
relative to the planar workpiece 27 by ttie kinematic 



nnount selects the diffraction order Greeted orrto 
the detector 39 by the cdlector lens according to 
the type of target structure being etched. 

For example, many semiconductor structures 

6 contain a pattern of etx;:hed features which act like a 
two^imenskxial diffraction grating. This includes 
VLSI dynamte random access memories (DRAM's) 
in which bit storage is in capacitors formed In 
micron and sutMnkTon size holes arranged in a 

10 grid pattern, one hole per cell. Illustratively, for a 
sixteen megabit chip there are sixteen mHlkxi holes 
on the chip whfch form a very regular, simple grid 
pattern whkii can be used as a two-dimensional 
(Effraction grating for first arxj higtwr orders or 

75 diffraction. See RG. 6. To monitor ttie etching of 
such holes, the lens 37 is used to focus ihe laser 
light to a yfkiQ area on the target 27. Also, as 
shown in RG. 4, \ha collector lens 38 is oriented so 
that first order diffraction light (designated 53 In 

20 FKL 4} or hlgt)er ortlered diffractions In ail <flrec- 
tkxis (collectively designated 54) is collected by 
ttie collector lens onto the photodetector 39. Spe* 
dfk^ly. in RG. 4 the collector lens is oriented with 
Its axis substantlaily perperxjknil^r to ttie normal to 

2S the plane of the wafer 27. Rrst order dHfiBCtk3n is 
usually preferred over higher orders beca us e of its 
higher intensity. The elch fabricatkxi process gen- 
erates an output trace of the type 48 as shown in 
RG. 3, for determining the cfistance etched and 

3Q etch rate. 

For etch monitoring and end point dete c tion of 
tfiin films, such as those depicted in RG. 1. whose 
features do not form a diffraction grating, zero 
order cMraction is used during monitoring. As 

3S Shown in RG. 5, the pivotable collector lens 38 Is 
oriented at a small angle relative to the orientation 
of RG. 4 so tfiat zero order d iffra c tion fight 55 is 
incident on detector 39. and the lens 37 Is used to 
focus the laser Rgtit 52 sharply onto the waler 27. 

40 Again, the etch fatxkation process generates an 
output trace of the type 48 as shown in RG. 3 for 
determining dimenskxi etched, etch rate and end 
point 

In sfiort to provide maximum signal strength 

d5 nr^onitoring of patterned etched features such as 
holes or trenches, preferably a relath/eiy vride area 
beam spot is used and the collector lens assembly 

* is oriented so that the first order diffraction ligfrt Is 
directed to the detector. To monitor features wtiich 

50 do not form a diffraction pattern, such as transpar- 
ent dielectric films or non-pattemed holes or 
trenches, the light is stwply focused to a relativeiy 
srriall area on the substrate 27 to minimize the 
wafer area Ulumlnated by the laser and the coUec- 

55 tor assemtjiy is oriented so that zero order diffrac- 
.tk>n ligtn is detected by the detector 39. 

In a worklr>g emt>odiment our laser end point 
detector system was mounted on a Precision Elch 
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layer so that the laser light is neftected off the 
substrata layer at a selected orientation relative to 
ttie sutjstrate and to a Dght detector so ttiat a 
selected diffraction order of light Is incident on sajd 
detector and converting the resulting opticaJ inter- 5 
ference signal into a corresponding electrical signal 
for monitoring the fatxication process. 

6. The method of Claim 5. wherein the target 
area on the substrate is selected from (1 ) material 
which is transparerrt to the laser light and a hole lo 
being etched in the substrata and (2) a pattern of 
etched features serving as a two-dimension drffrac* 
tion grating to said Incident laser (tght and wherein 
said selected diffractjon order is. fBSpectively, (1) 
the zero order and (2) a first or higher order. ;5 
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D-8948 Mlndelheim<DE) 



® Laser Interferometer system and method for monitoring and controlling IC processing. 



@ A laser end point detector Incorporating 
adjustatsle-fbcus, variable-orientation detection optics 
for nvanrtonng diffiwent types of structures such as 
laser-transparent thin films, isolated trerKhes or 
holes and patterned aoays of tranches or holes. A 
colector lens package comprising a laser and a 
focusing lens are rrwunted tn a hole in a collector 
tens whteh is pivotatly nrwunted for selectzveiy focus- 
ing zero, flnt and higher orders of cflffractions re- 
Cjl fleeted from the wafer onto an assoc t a te d detector to 
^monrtor the etching of different types of structures. 
qFot example, zero order diffraction signals are used 
^to monitDr ttie etching of large target areas in trans- 
parent thin films or of non-pattemed trenches of 
Wholes. Rrst ortJer (or higtier) diffraction signals are 
JHused for monitoring the etching of patterned features 
*^which effect a two-dimensk)nal diffraction grating. 
Osuch as the capacitor holes in dynamic random 
^ access memories. 
Ul 




XaroM Cooy C«ntre 



3 



BP 0 352 740 A2 



4 



differont typos ai otctiod structures; and 

RQ. 6 schematicaily depicts the diffraction 
grating effect of trenches or holes. 

Detailed Description of the Preferred Emfaodimerrt- 
M 

RG. 3 schematlcaily depicts a preferred em- 
bodiment 20 of our laser end point detector, which 
tndudes a moving carnage or stags 25 mounted on 
a semiconductor processing reactor system 26. 
The carriage 25 supports the entire laser detector 
optics system 30 which is used to monitor the 
etching of woriqjieces such as wafer 27 via window 
28 in chamtjer wail 29. One such reactor system 
26 Is disclosed In co-pending, commonly assigned 
U^. patent application. Serial No. 185X15, ffled 
April 25. 1988. in the name of Cheng et al, wtiich 
application is heretiy incorporated by reference in 
its entlrBty. 

In its present version, the stage 25 comprises a 
base plate 31 sUdably mounted along rails 32 for 
rectprocai mo^/ement along the wall 29 and window 
28 by a stepper motor 33-driven lead screw 34. 
(The center section of the rail 32 is deleted in FKi. 
3 to more daarty ilkistrBla lens 38.) 

The laser optics system 30 includes a laser 
pen which comprises a diode laser 36 and an 
associated focusing iens 37, both of which are 
mounted in a central aperture 51 within a collector 
lens 3a A photDdetector 39 ts mounted on a sec- 
ond, elevated platform or plate 41 which is sup- 
ported by posts 42. The platform 41 can be raised 
or lowered along posts 42 to select the reflected 
(Effraction order. The coUector tens 38 Is supported 
tTy a kinematic mount comprising a piate 56 vrhich 
supports the collector lens 38 and which is sup- 
ported on three aojustment screws 57 threaded 
into base plats 31 and foumaled between the screw 
heads and compression springs 58. Adjustment of 
the screws affords pivotal or tilting movement of 
the lens 38, e.Q^ about associated axes m the 
plane of the tnse plate 31 . 

A standard personal computer 47 such as the 
IBM AT is interfaced with the detector 39, stepper 
motor 33, and associated power supplies in a cort* 
ventfonai manner for contnoUIng operation of the 
photodetector 39. scanning of the stage 25 and 
analysis of the output signal from tfie photodetector 
39 for terntmatlng (and starting, if desired) the etch 
process. Visual readout 48 at a display device 49 
such as a printer and/or monitor provides com- 
prehensive graphics, plots, records of Input data, 
filtered data, etched depth, etch rate, eto., as de- 
sired. 

The orientation of the pivotal coUector lens 38 
relative to the planar workpiece 27 by the kinematic 



mount selects the diffraction order directed onto 
the detector 39 by the coilectxx lens according to 
the type of twget structure beir>g etched. 

For example, many semiconductor structures 
5 contain a pattern of etched features which act like a 
two-dimenskxwi diffraction grating. Thb includes 
VLSI dynamte random access memones (ORAM'S) 
in whteh bit storage is in capadtors fomed In 
micron and sutMnicron size holes arranged in a 
70 gpd pattam, one hole per ceil. Hlustratively, for a 
sbdeen megabit chip tt>ere are sixteen million holes 
on the chip whtah form a very regular, simple grid 
pattern whk:h can be used as a two-dinnenslonal 
(Effraction grating for first and higtw orders or 
7S diffraction. See RG. 6. To monitor the etching of 
such holes, the lens 37 is used to focus the laser 
light to a wkde area on ttte target 27. Also, as 
shown in RQ, 4. ttie collector iens 38 Is oriented so 
that first order diffraction light (designated 53 In 
20 FIG. 4) or higher ordered diffractions In all direc- 
tions (collectively designated 54) Is collected by 
the collector lens onto the photodetector 39. Spe- 
dffcally, in Ra 4 the collector lens is oriented with 
Its axis sutsstantialiy perperKUculv to the normal to 
28 tfw plane of the wafer 27. Rrst order diffiractkxi is 
usually pi efened over higher orders because of Its 
higher intensity. The eteh fabricatton procees gen- 
erates an output trace of the type 48 as stiown in 
RQ. 3, for detarmining the ^stance etched and 
30 etch rate. 

Far etch monttorlng and end point detectton of 
tMn films, such as ttxise depicted In RQ. 1, whose 
features do not form a diffraction grating, zero 
onler <Mractlon is used during m onrtortng. As 
35 Shown in Ra 5, the pivotable collector lens 38 Is 
oriented at a small angle relative to orientation 
of RQ. 4 so that zero order diffraction fight 55 is 
incident on detector 39, and the lens 37 Is used to 
focus the laser fight 52 sharply onto the wafer 27. 
40 Again, the etch fabricatnn process generates an 
output trace of the type 48 as shown in RQ- 3 for 
detenminirx; dimenston etched, etch rate and end 
point 

in short to prtvWe maximum signal strength 

45 monitoring of patterned etched features such as 
holes or trenches, preferably a relatively wWe area 
beam spot Is used and the collector lens assembly 

^ is oriented so that tfie first order diffractfon Hght Is 
directed to the detector. To monitor features wfrach 

50 do not form a dlffractton pattern, such as transpar- 
ent dielectrte films or non-patterned hoies or 
trenches, the Oght is sharply focused to a relatively 
smaii area on the sutJStrHto 27 to minimize the 
wafer area Uluminated by the laser and the coUec- 

55 tor assembly is oriented so that zero order diffrac- 
.tkjn light is detected by the detector 39. 

In a working embodiment our laser end point 
detector system was mounted on a Precision Bch 
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layer so that the laser light is netlectBd off the 
substrate layer at a saiected orientation relative to 
ttie substrata and to a light detector so that a 
selected diffraction order of light Is Incident on said 
detector; and converting the resulting optical irrter- 5 
ference signal into a corresponding electrical signal 
for monitoring the fabrication process. 

6. The method of Claim 5, wherein the target 
area on the substrata is selected from (1) matenal 
which is transparent to the laser light and a hole :o 
t)eing etched in the sut>strata and (2) a partem of 
etched features serving as a two-dimension diffrac- 
tion grating to said Incident laser tight and wherein 
said selected diffraction order is. respectively, (1) 
the zero order and (2) a first or higher order. is 
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